Covalent binding of a carcinogen as a probe for the dynamics of deoxyribonucleic acid.
In order to determine the kinetic parameters of the binding to DNA of two closely related ultimate carcinogens, 2-(N-acetoxy-N-acetylamino)fluorene (N-Aco-AAF) and 2-(N-hydroxyamino)fluorene (N-OH-AF), three kinds of experiments were performed: measurement of the final amount of adduct (N-Aco-AAF and N-OH-AF), determination of the initial rate, and study of the reaction with deoxyguanosine (N-Aco-AAF only) at temperatures between 4 and 50 degrees C. The kinetic treatment of the chemical equations relies on two main assumptions: (i) binding of carcinogen to the C8 of guanine (G) could occur either with the classical B conformation or with a transient conformational state of the sugar--phosphate chain at the level of the guanine and denoted by G*; (ii) the equilibrium between G and G* is fast as compared to the chemical rate of carcinogen binding. These two assumptions have been verified by comparing experimental and calculated values of some of the data. From experimental data it is possible then to determine the characteristic independent parameters of the reaction: the constant K of the G in equilibrium G* and the enthalpy change delta H of the process, the rate constant k3 of the binding to the C8 of G, and the rate constant k1 of hydrolysis of the carcinogen with their corresponding activation enthalpies E3 and E1. Some essential results obtained are as follows: (a) The amount of G* that represents about 10% of the G at room temperature increases with temperature and is higher in denatured than in native DNA. (b) The values of delta H (approximately 9 kcal mol-1) and delta S (approximately 27 cal K-1 mol-1) of the G in equilibrium G* equilibrium are close to those associated with single base pair opening [Wartell, R.M., & Benight, A.S. (1982) Biopolymers 21, 2069]. (c) N-Aco-AAF reacts only with the G* conformation while N-OH-AF binds preferentially to the "classical" G (B conformation). Therefore, the electrophilic carcinogens behave as probes of the dynamic state of the DNA, but the rate of the G in equilibrium G* exchange is fast as compared to the binding rate of the carcinogen.(ABSTRACT TRUNCATED AT 400 WORDS)